Derivations of T k and SS k
The object can be expressed as a two-dimensional complex function, i.e., o k (x, y) , and the expression of its Fourier transform
The plane wave illumination can be written as: 
and its Fourier transform can be expressed as:
where
(θ k , φ k ) represents the angle of the incident light, n k is the refractive index of the medium between the object and the image sensor plane. The transmitted field at the object plane is
In the frequency domain, the free space transfer function H k ( f x , f y ) from the object plane to the sensor plane is
Where z k is the distance between the object plane and the image sensor plane. In the frequency domain, the field on the sensor plane can be written as:
A thin object function can be expressed as o k (x, y) = 1+ s k (x, y), and its Fourier transform
Equation (S6), we can obtain:
In the frequency domain, the intensity distribution on the sensor plane can be written as:
where the self-interference term ( , )
SS f f can be expressed as:
The expression of T k ( f x , f y ) in Equation (S8) can written as:
is a complex function with unit amplitude and its phase is determined by the illumination angle (θ k , φ k ) and wavelength λ k as well as the sample-to-sensor distance z k .
Pixel function
The responsivity distribution within each pixel of our image sensor chip is approximately a 2D Gaussian function (see: Greenbaum et al., Scientific Reports, 2013, 3) . Therefore, its Fourier transform P k ( f x , f y ) forms a 2D low-pass filter with a Gaussian profile in the frequency domain. Within the narrow illumination spectrum that is used for pixel superresolution, we considered this pixel function as wavelength-invariant, i.e., P 1 (f x , f y ) =
3. Wavelength sensitivity of
To exemplify the wavelength sensitivity of (5) and (6) of the Materials and Methods Section in the main text, we chose an undersampled frequency point (f x , f y ) where f x =1.5/∆x, f y =0, and ∆x is the pixel pitch of the image sensor, i.e., 1.12 µm. The sample-to-sensor distance z k is set to be 100 µm and the aliasing orders are chosen as u=1 and v=0. Under these assumptions/parameters, the phase of T 00,k
as a function of the illumination wavelength can be plotted as in Figure S1 , where the values of this function at wavelengths {λ k | k=1,2,…} are also marked in the same figure.
From these data points in Figure S1 , we can see that the phase values of 
Relaxation Factor in Reconstruction Stage 2
The relaxation factors for the smoothened update of the intensity distribution and the transmission fields are both set to 0.5. The convergence speed and the stability of the iterations are both taken into account to choose the relaxation factor: a small relaxation factor could result in slow convergence, which increases the computation time, while a large relaxation factor could make the iteration more susceptible to noise.
To better explain the use of the relaxation factors (denoted with α), we denote the intensity of the propagated field on the sensor plane as i propagated (x, y) , and the upsampled 'correction map' as i correction (x, y) , then the updated intensity, i updated (x, y), can be written as:
Here i correction (x, y) is defined as the Kronecker product between a low-resolution correction map and the pixel function, p(x, y):
where i k (x, y) is the raw measurement, and ( , ) For the transmission field on the sample plane, the update is performed in the spatial frequency domain. Let's denote the frequency spectrum of the transmission field before the update as O old (f x , f y ), the spectrum of the back-propagated field as O backpropagated (f x , f y ), then the updated transmission field, O updated (f x , f y ), can be written as:
Note that in this relaxation equation, (f x , f y ) is confined within a circle, the center of which is determined by the corresponding illumination wavelength and the angle; and its radius is defined by the boundary within which all the spatial frequencies experience less than 3dB attenuation after free space propagation.
i updated (x, y) = i propagated (x, y) + α ⋅i correction (x, y)
Image of the optical setup
An image of our bench-top lensfree on-chip microscopy system is shown in Fig. S2 , below: Figure S2 . An image of our bench-top lensfree microscope using wavelength scanning pixel super-resolution.
